A variety of grid middlewares and workflow languages causes the existence of many workflow management systems (WfMS). Formalisms used to represent workflows vary from simple Directed Acyclic Graphs (DAG) to more complex (non deterministic) Petri Nets. Therefore a workflow description is strictly bound to a particular WfMS and to the computational resources that WfMS address, as far as no cooperation among WfMSs exists. This might be critical in scientific workflows where a large amount of resources is usually needed. In this paper we propose a WfMS that aims at language independence and Grid middleware abstraction dealing with interoperability as proposed in the reference model of the Workflow Management Coalition (WfMC). The main goal of such WfMS is to provide an effective solution to run complex scientific workflows (legacy or not) taking full advantage of the distributed and etherogeneous nature of the Grid. A Petri Net formalism has been chosen as internal representation due to its formal behavioral description and the existence of several analysis tools. Our proposed WfMS will be implemented on top of the gLite Grid middleware provided by the EGEE project because of its stability and large adoption.
Introduction
The evolution of the Grid towards a service-oriented architecture enables scientists to build complex applications as workflows. WfMSs allow the composition and execution of such distributed applications at a high abstraction level; a workflow language, usually graph based, is used to specify dependencies (control and data flow) between tasks. Several WfMSs exist both in scientific and in business environments. This underlines the research interest in this field.
Unlike business WfMSs, scientific ones lack a recognized standard; as a consequence several workflow languages exist. Apart from the syntax, these languages differ for the formalism used to express the workflow model. Most of the graphical workflow languages are based on DAGs where the control flow can be described in terms of sequence, parallelism and choice. More powerful than DAGs, formalisms such as Petri Nets and π-Calculus allow to define iteration (also know as loop or cycle). As a consequence of that variety of languages and formalisms, WfMSs are incompatible. Furthermore a WfMS usually address a small set of computational resources and without interoperability scientific workflows cannot fully take advantage from the distributed, heterogeneous nature of the Grid. The Workflow Management Coalition (WfMC) encourages WfMSs standardization in its reference model which defines a set of APIs (called WAPI) and interfaces numbered from 1 to 5 in order to achieve interoperability. In particular, interface 4 describes different levels of workflow coordination/cooperation. Unfortunately the WfMC has so far failed its standardization scope and no WfMS formally follows its reference model.
In this paper we propose a generic WfMS architecture that abstracts from the underlying grid middleware and deals with workflow interoperability. As we will see in detail, the definition of a grid abstraction layer makes it possible to build a middleware-independent workflow engine. A Petri Net formalism is used as the internal representation due to its formal semantics. Petri Nets capture both the control and data flow of the workflow, they formally describe its state evolution and they are Turing-complete. Workflow interoperability is addressed using language translators and model converters.
The implementation of our WfMS will rely on the gLite Grid middleware. gLite exposes several Grid services with a good level of reliability and the amount of managed resources allows users to execute complex and large workflows. The Job Description Language (JDL) is the lingua-franca of the gLite middleware, it is used for job and also workflow (expressed as DAGs) descriptions. DAGs are executed by Condor DAGMan [1] which provides a basic support for workflow management. In fact, DAGMan pratically lacks failure recovery and that limits expressiveness in workflow design. With this work
